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FOREWORD 

The research reported hire is of an overall research effort under Work Unit 
SPECTRUM to develop procedures for ^electing and organizing training content and 
training methods to achieve more effective training across the spectrum of aptitude. The 
work reported ^lere was part of Work Sub-Unit SPECTRUM III. The purpose of the 
resear.ch was to explore the Relationship between aptitifde level and -sensory-perceptual 
perfprmance. * \ 
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MILITARY PROBLEM 

I . ' ' • 

The increased number of marginal aptitude trainees inducted into the Army for the 
past few years has crea,ted the problem of adequately and efficiently training these men. 
The purpose of Work Unit SPECTRUM, Sub-Unit III, has been to develop training 
strategies to help solve this problem. It is known that low aptitude Category IV {personnel 
die more difficult t© train, when compared as a group, than hi^ aptitude personnel, and 

hat more Category IV persons come; from poor social, economic, and ^educational 
backgrounds* than men in higher categories do. • These background factors probably 
contribute greatly to learning and motivational deficiencies in Category IV people, 

' It has not been adequately determined whefjiier poor leameig might also possess 
sensory-perceptual deficiencies, as opposed to more cognitive deficiencies, which could 
influence their les^fning abilities/One way of providing information on this question is to 
compare high and low aptitude trainees on a sensory -perceptual task^to see whether tRere' 
are any differences on this lev^l. 

RESEARCH PROBLEM 

■ • 

This report presents • the findings of research that compared high and low altitude 
men— classified on the basis . of scores from the Armeck Forces Qualification Test 
(AFQT)— on two form discrimination tasks that required both intramodal an{i intermodal 
functioning. One experiment required the men to make a simultanepus discrimination of 
meaningless forms, using vision and touch. A second experiment repeated the first and 
introduced a delay period between the presentation pf the standard and comparison 
stimuli. y - • . , . 

/ 

iETHOD * ' 

The first ex|)eriment used 20 high aptitude trainees (AFQT 90-100) and 20 low 
aptitude trainees (AFQT 10-20). Each mart performed the same task, which consisted of 
two intramodal ;and two crossmodal form discriminations. The intramodal conditions 
wer6 visual standard - visual comparison and tactual standard - tactuaf comparison. Each 
man examined the standard stimulus with one modality and compared it with four 
comparison stifriull, witih either the same or a different modality, to tell which of the 
comparisons wjiEis/^ifi^r^ to the standard. Bdth the number of errors and the time 
needed to make the^omparison were recorded. 

In the second experiment, 30 high and 30 low aptitude men ,were used. The 
conditions were the same as in the first experiment, except that 1-second, 5-second, or 
10-second delay periods were inserted between the presentation of the standard and the 
presentation of the comparison. The subject hadjto tell whether the single comparison 
figure was the same as or different from the standard. Again, both time and error data 
wer^ recorded for each man. 

() 

1 




RESULTS • " 

. 0 

The results show^ thkt, as a g;6up, high aptitude men perfcJrmed consistently 
better than lp^y.ln both experiments. In Experiment I. the low aptitude group produced 
more overall errors: and took more time than ,the high aptitude group. There were no 
interactions between the aptitude levels and fhe conditions. 
\ . Experiment II: showed that, as a group, low aptitude men committed more errors 
took significantly less studjL time than high aptitude men. The delay conditions were 
not significantly different for either group, and again there were no interactions between 
the groups and the conditions. 

Analysi's of verbal reports of the subjects indicated that the majority of the high 
aptitude men used higher-order prodfessing or le^ing strategies that enabled them to 
make more accurate matches. ^ »* 



CONCLUSIONS 



In a form discrimination task in which the 'standard and comparison stimuli are 
presented simultaneously^ • ^ 'S^ ' ^ • 

(1) High aptitude men generally derforra faster" arrd more, accurately than low 
■aptitude men. I ■ , ' 

(^) With only minor differences, bot^ high and low apfTtude men are able to 
perform an fntermodal discrimination task in which the standard stimuli are presented via 
one modality (either vision or touch) and the comparison stimuli are presented via the 
other modality. 

Ih a form discrimination task in which a time delay is introduced between the 
presentation of the standard and comparison stimuli: z^" 

(1) High aptitude men take more time to study the standa5fj stimuli. 

(2) There are no differences between high and. low aptitude men in the. amount 
of time they take to make a match. jfc ' . ' 

\u !" °^ ""^^""^ accuracy, hig^pitude men perfonn significantly better"' 

than those of k>w aptitude. .. ' >• ■ 

(4) High aptitude men. for the most part, use their longer study time to 
orgamze- stimulus inputs into mediational units. This, presumably, contributes to their 
superior, match accuracy. Low aptitude men. onr^rthe whole, do not organize stimulus 
inputs into such mediational units, which probabj| account^ for their impaired match 
accuracy. There are no sigftificant differences between high and low aptitude subjects in 
the intermodal matching tasks. • • , 

. . (5) Traihing in the organization of stimulus inputs intS -mediational units on 
the part of . low aptitude people, appears hold promise as ^ne approach for improving 
organizational and information processing skills. ' . \ 
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^ Chapter 1 
INTRODUCTION 

BACKGI 

In October 1966 the DepartmentAjf^ Defense, u^der Project 100,000, lowered to the 
legal minimum the mental standards for induction into the Army. This minimum was. set 
by Congress in 1951 as. an Armed .Forces, Qualification Test (AFQT) score of riot less 
than 10. The AFQT is a tfest that measures verbal and arithmetic reasoning ability, jspatial 
relations, arid tool functions, and its- scoring system is in the form of percentile 
equivalents. Examinees who score l^etweeri 10 and 30 are n^lassified as Mental Category 
IV, and those who score between 10 and 20 ajre classified as marginal aptitud^jjbainees. 
As a xesij^it of, the decision to lower the mental standards for inductees, it has, been 
estimated that up to 25% of the new inductees into the Army ^would be marginal 
aptitude trainees. , - " , 

The purpose of Work Unit SPECTRUM and, specifically, Sub-Unit III, is to develop 
new instructional methods aiid materials that will be optimally effective in teaching 
military tasks to personnel found along the entire spectrum of aptitude* In earlier 
SPECTRUM work (1 ), experience in the laboratory Jn teaching tasks ftich as map reading, 
military time, phonetic alphahpt, and switch board\)peration showed that hi^i aptitude 
trainees (AFQT 90-100) are able to learn most ^oognitive and motor, tasks quickly and 
with a minimum of errors, regardless of the methods and materials u^ed for ^:aining. The 
majority of Category IV trainees, on tl\e other hand, operate well only un^ a limited 
se.t of conditions, such as one-tp-one instruction, small-step acquisition, ana optimal 
performance feedback, and* even then the performance of some is not equivalqpt to that 
of hi^ aptitude peoi)ie. \ . ^ ' " * . * 

Previous studies by Fox, Taylor, and Caylor QJ and Goffard, Showel, antL^ek (2) 
show that the performance ' of Category IV trainees as a group *is consistently-^thou^ 
sometimes only^sli^tly— below that 5of trainees in other mental categories. Th^sediffer- 
ences become^ especially pronounced in tasks that require verbal or cognitive abilities^ 
This not^urprising, since the AFQT meas^ures primarily verbal and cognitive abilities 
andSthei^fore a low AFQT score would predicf poor performance in these areas. What is 
surpriang, however, are the findings by Fox, Taylo^, and Caylor (1) and Fox (3), which 
show that in simple and choice visual monitoring tasks, low aptitude men generally were 
slower to respond, more variable in their responses, and less accurate than higher aptitudie 
subjects. Tilese findings seeni^to incBcate that even on a basic sensory-motpf level, 
requiring limited- cognitive performance, ^low aptitude men do not perform [as well as 
hi^er aptitude men. "tesor 1 . ^ ' \ 

, There are few^^ ^tudi^^ Sft relate mental aptitude, as measured by the AFQT, to 
sensory-perceptual perfcrna^ce. A number of studip, includin| Berkson (4) and 
Dicjcerson (5), have, c<$mpargd mentally rptarded with normal subjects on regiction time 
studies and have^^und^thait the retarded perform more slowly. On the other hand, , 
Hermelin and 0*C^npr Have reported thfit retarcled . individuals were superior to 
normal ones in taic^ttpj; '^ecbgn of letter Shapes, which^'mi^t imply th^t retarded 
people^,^^llvelop pari^ici^lar' perceptual skills to compensate for deficiencies in verbal and 
cogniti^ areas. In' any case, marginal aptitude people, although they exhibit deficiencies 
in verblal and cognitive skills, can not be, considered, as a group, to be mentally retarded 
in the clinical sense. * * • ^ 

10 ' 



PURPOSE OF'THE STUDY ' 



- . The purpose of. the present set -of t experiments was " td^ examine ' the relationship" 
between mental aptitude lev^l (as m^^sured by the AFQT) and performafice on a basic ■ 
*iensory-perceptual task. It was hoped that the particular tasks chosen would allow the 
experimenter to determine whether perceptual deficiencies existed in low aptitude men 
-and if they did, to determine in what way they existed. Intermodal and intramodal forfn 
discnmination tasks, using vision and touch, were chosen. 

Form discrimination across and wit|pin visual and tactual modalities has been demon- 
strated in a nunjber of studies (e.g., GaVdos, 7; Eastman,' 8; Lo'bb, 9; and Cashdan^ 10) =^ 
Basically, these tasks require that a subject examine 6t learn -the shape of a standard' 
figure with one modality arfd subsequently discriminate this form from similar compari- 
son figures, using either the same or a different modality. If the discrimination is made 
simultaneously-that is, both the standard and comparison figured' are e^cainined at the ' 
.sauie time-it can be presumed that the higher mental precesses, such as verbal coding, 
mediation, and memory, needed, to perform the task, would be limited. However, if the 
standard figure is removed before the comparison figure is presented, then a memory 
component, which would allow . for- verbal or symbol^ mediation, is necess'arUy added to 
the task. ' - ' 

The experiments described above have, for the most part, used a "norn^l" expert- 
mental population. The. sample drawn from this population usually consisted of adults 
with average or above average mental aptitude. The findings consistently .showed a strong 
superiority for vision on the within^m6dality tasks; that is, when both cpmponents of the 
task were performed visually,- it always resulted in better performance than, any other 
combination of modalities. The studies, are divided, however, when it comes to crpss- " 
modal transfer. Some studies show a greater transfer. fro nl vision to touch, while oth^r* 
show just the opposite, i greater transfer from touch to vision. Tj^picaUy, the tactual" 
vyithin-modality tasks resulted in the poorest performance. At variance with the main- 
findings of these studies is a study by Garvill and M^der (II).' which showed tbatf 1 
^ wthin-modality form discrimination is supertor to crosJMdal "form discrimination. 

The . experiments to ''be reported were basically t^iiame as those described abpve. 
That is, a subject was. given a standard, form to examine with one modality and ' 
subsequently had to match it. with, similar forms, using either the same or a different " 
modality. The parameters of the experiment, pertaining to sti|piulus presentation 'time, • 
were modified with the intention of creating more equivalence between vision and touch ' 
in the amount of time needed to examine a stimulus. The fiftt experiment consisted of a. 
simOltaneous discrimination task that provided data on the ijasic Sensory-perceptual • 
functioning of high and Ipw. aptitude men. The second experiment, d^ayed matching* 
.examined thfe memory and mediational abilities of Jhe two groups. - . 

- These experiments were designed to provide information on the exteh^to which low> 
aptitude people arte deficient in perc^tiuf or information proceking abilities. Of interest 
were the questior^ (a) Would low apti^e jmen be able to integrate information frqm 
two different mddalities in the croSs-modal tasks? (b) Would there be any - differences 
between high aiitl low aptitude people in their ability to mediate information about 
forms across tim/'? 

* 

.11 ; . ■ ' 
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<s^5 • * Chapter 2 

RESEARCH APPROACH 
♦ ' GENERAL METHODOLOGY * . 

In comparing visual and tactual form perception, care has to be taken that the 
stimuli used and their method of presentation not be biasedin favor of one or .the other 
modality. Gibson (12) points out that visual perception is said to b^ based on the 
**figure-ground" f)henomenon in which the entire contour of a form js registered simul- 
taneously, whereas tactual perception, in most cases, involves separate or successive 
impressions. This do^s not deny that in most cases of visual perceptiojp, voluntary and 
involuntary eye movehignts also* lend a successive aspect to visual' perception. It does 
point out, however,, that * visual form discrimination task can be perforriied much more 
quickly than a tactual form discrimination task. This. is especially true in. the case of 
multiple stimuli in which a comparison of the different figures in an' array can be made 
in a^single scan,^ which would not be. possible to do tactually. 

The present experimental tasks tried to equate the two modalities^in terms, of the 
amount of' ihformation available and the length "of time it was available. The first 
objective was votet by presentingHhe comparison figures one at srtime to boJJ>-ibfi visual 
and th^tactuad modality (some previous experiments have pre^nted all tHe^omparison 
figures^ mujfeneously, thus making the , visual discrimination task somewhat easier than 
the tactua^task). The second objective was met by letting the subject control ho>v long 
h6 exai|iined both the standard and the comparison figures (most studies have allowed 
the same amount of time for both visual and tactual examination^). ^By allowing the 
subjects to study the figures for as long as they wanted, two assumptions could be made: 
(a) that there, was sufficient time for both jnodalities to extract the required information, 
and thus that the task did not favor either mpdality in this itepect; (b) that differences in 
errors between highs and lows would not he due to one groVip working faster than the 
other group. " ^ . " 

The major independent variables in both experiments were*^the two intermodall and' 
two intramodal conditions. The combinations of vision and touch were as follows: visual 
standard - visual comparison (V-V), visual standard - tactual comparison (V-T), tactual 
standard - visual comparison (T-V), and tactual .standard - tactual comparison (T-T); The 
major dependent variables in both experiments were the number pf errors produced in 
each condition and the amount of* time taken by each subject to make a discriminji|lpn. 



SUBJECTS 



Th^ subjects for both experiments were male Army recruits in their last two' weeks 
of Basic Combat Training (BCT)^t Fort Ord,. California. At the timfe the experiment^ 
began, two companies (about 400 trainees) were available as potential subjects. Trainees' 
records^ were screened to identify high aptitude (AFQT 90/100) or low .^'aptitude 
(AFQT 10-20) men. Essentially all trainee^ who fell into either category, except those 
who were unavait^ble -for administrative, medical, or other reasons, were used in. th'e 
experiment. • v . v'- 

; • . • ^ 12 ^ ^v, ^ ' . 



rhe fiitst experiment used /40 men^O highs (AFQT eO.iooFVnd 20 lows 
(/UQT 10 20i). The high aptitude group 'fanged in age from .19^25 years \Sth a mean of 
21:(?; thejr mean AFQT score was 93.6. The low aptitude 'people ranged in age from 
17-25 years with a mean q# 20.2; their mean AFQT score was 16.6. j> - 

Th<» second exp^Timent used'an additional 60 men, 30 highs and |o lows The high 
. aptitude*, merr in this group ranged in age from 19-26 years with k m6an of 21.6rand had 
a mean APyt sco/e of '94.5. The low. apUtude men ranged. in age^from 'l8-29 with a 
mean'of 20.|,.and-had mean AFQT sAre of 16.2. - - * 

■ ^T^MULUS MATERIAL AND APPARATUS 

The -stimuli used in both experiments were random forms, generated so as tp equate 
them for simUarity according to the method of Lawrence and La Bergfe^). Using this 
method. 10 pairs of random numbers were"pl6tted on graph, paper witrtillte'iiiiits to' the 
inch. The 10 points were connected ^nd the enclosed area formed the primjffy, or 
standard, figure. Next, shapes somewhat simUar to the primary figure were generated by 
-movmg each point in a.randoni direction, According* to randomly selected integers from 0 
to 360 degree*. For each set lot fig^Ks there were two identical standard figures and 
three transformations of the standard. 

In Experiment 1. both easy and difficult figures were used. "Easy" figures -were 
those whose points were moved 1/2 inch to form the transformation. >For "difficult" 
figures the points of the standard figure -were moved only 1 /4 inch to form the 
comparison. In geperal. the greater the distance that each point was .rotated, the less 
similar it was to. and the more easUy it was discrimioated from, the standard. Figure 1 
provides a set of easy-to match figures, and difficult-'to-match figures are shown in 
Figure 2, ' 

All the figures were transferred to 1/4 inch wallboard. cut out> and painted flat 
black. They were then mounted individually on identical 6 inch x 6 in<Sl pieces of l/4» 
inch plywood painted flat white. 



A Set of Easy Random Shapes 




NOTE The standard form is on the<|ift. followed by its tfiree transformations. 

Figure 1 
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A Set of Difficult Random Shapes 




j Figure 2 , . \ 

The apparatus vkedf iit both experiments is shown in Figure 3. It consisted of a 
horizontal piece of plVwood; 2 'feet wide and 3 feet long, divided in the middle by a 
vertical piece of plywood 2 feet square. Four'*rectangular holes, 2 inches by, 6 inches, 
were cut out of the divider, two along the base, separated by 3 inches, and two 5 inches 
above the base. These holes allowed the passage of stimulus figures to the subject's side 
of the apparatus. On that side, a platform 1 foot x 1 1/2 feet was fastened to the divider 
approximately 5 inches above the base. A black curtain was hung around the edge of the 

Apparatus Used in Both Experiments 




NOTE* The Mjbject %at on the nght side of the apparatus 

Figure 3 



p n 



platform to hide figures presented through the lower part of the divider. Channels 6 
inches wide were mounted on the platform and the base so that the" figufes woirid be 
locked into place when examined by the subjects. When the hgures were examined 
visually, both the standard and/or the comparison were pushed through the upper holes 
and rested on the platform. For tactual examination, the figures were presented through 
the lower holes and the man had to reach underneath tfie curt»irrto feel them. The 
curtain obscured all figures presjffited in this manner. ' • 

Time measures were recorded in b<fth experiments by electric timers that were 
accuratt! to 1/1.000 of a seaond. In the first experimfent, the experimenter depressed a 
microswitch with his foot rf^) record the amount of time each subject spent comparing 
.each standard figure witlMthe comparisons. In the second experiment, two timers were 
used, one to record the,/«me spent studying the standard aJ| the. other to-*ecord the 
time spent trying to mafke the match. A stop watch was use#in the second experiment 
ta measure the delay period between the removal of the^tandsgrd and the presentation of 
the comparison stimuli. ^ 
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Chapter 3 



$ EXPERIMEm i ^ ^ 

METHOD — 

Experiment I explored thJ perceptual abilities of high and low aptitude subjects on 
an intramodal and crossmodal form discrimination tasK- All tijie subjects examined a 
standard form either visually or tactually, and their task* was to match this form with its 
twin in a series of four cofaparison^ figures. The comparison figures were presented .in 
either the same modality a(||a .differ^ejit modality. All ^e figures wefe presented ^ the 
same^ orientation an^ the subject \x&eA his ^preferred hand to examine the figured in the 
T-V and V-T conditions. VPhe matches were viade simultaneously, that is; the standard 
• form and one of the compajrison forms were always presept for immediate cross-reference 
and feedbacjc. Very limited, if any, mediatiohal or memory abilities were involved in this 
task; it involved performance on a' senspry-perceptual level. TTie experimenter recorded' 
the time it took the subject to examine ail four comparison figures on each trial. 

Twenty-four sets of stimuli wefe used for each, subject— 12 tets easily discriminable, 
•and 12 more difficult^to discriminate. The. difficulty level of the figures depended on 
their method of construction, as outlined earlier. Each subject received three trials under 
. each of the four conditions: V-V, T-V, W-T, and T-T, The order of presentation of the 
stimulus sets was counterbalanced across conditiops and subject^. The order || presenta- 
tion of the stimuli within a set was rafidom for each subject. * 

. The major independent v^ables were incorporated into a 2(subjects) x 2(fBlifficulty 
level) x^ 4(condi{i ons^ac torial design with repeated measures on the difficulty and 
conditions factors. l^^HBendent variables were the number of incorrect discriminations 
in edfch condition ano^^P^otal time taken per set to make a match. 

The questions of interest in this ex{)eriment were: (a) V^uld high and low aptitude 
subjects do equally well in terms of total errors? (b) Would the two ^oups be similar in 
the time used to' make .each match? (c) In terms of the first two measures, would there 
be any qualitative differeil^ in how high and low aptitude subjects are able to utilize 
inputs from two different modalities? 

RESULTS 

Table 1 shows a negligible- number of errors in matches made (24 ^per subject), 
which is not surprising since the subjects were allowed unlimited time/ As showi, the 
V-V condition was the easiest— no subject made an error— while the T-T condition was the 
most difficult. This was especially applicable for the low aptitude- subjects, who produced 
a total of 2^ errors in this condition compared to 10 for the high aptitude people. For 
all practical purposes, the two intermodal conditions (T-V and V-T) are equally difficult 
for both^giroups^ 

Because of the limited number of errors observed, analysis of variance of the error 
data was judged inappropriate; however, the test for significance between two proportions 
showed that the low aptitude group produced significantly more .total errors than the 
high aptitude group (/X.OOl). The same test limited to the T-T condition again showed 
that the low aptitude subjects made significantlj^inore errors than the highs (p<.001). 
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Table 1 

Total Errors for Both Groups: Experiment I 



Conclitlon 


Category 1 Men * 
^N»20) ' 

• 




Category IV Men 
(N-20) 


Standard j Comparison 


Easy 


Difficult 


Total 


Easy 


Difficult 


^Total 



Visual Visual 0 

Tactual Visual 2 

Visual Tactual 2 

Tactual Tactual 3 



0 

r 2 

4 

1 



0 
4- 
6 
10 



0 
1 
1 



0 
9 
7 

16 



0 
10 

8 
27 



Table 2 



Time Scores for Both Groups as 
bonditiohs and Difficulty Level: 
(Minutes) 



a Function of 
Experiment I 





Category 1 Men 


Category 1 V Men 






Ea»y ^ 


% Difficult 


Easy 


DifflcuU 


Standard 


Comperiion 


X 


SD 


X 


SD 


X 


SD 


X 


SD 


Visual 


Visual ^ 


.20 


.07 


.24 


.02 


.26 


.07 


.31 


.08 


Tactual 


Visual 


.58 


.26 


.70 


.37 


.72 


.23 


'.96 


.38 


Visual 


Tactual 


.72 


.29 


.90 


.31 


.88 


.24 


1.15 


.39 


Tactual 


Tactual 


1.15 


.63 


1.56 


.65 


1.35' 


.52 


1.73 


.74 








/ 


Table 3 


f 


a: 









Analysis of Variance for Time Scores: Experiment I 



So6rce 



MS 



Between Subjects 
Groups (A) 
^^rror-A 

Within Subjects 



1 

38 



2.17 
.71 



3.08 



<.10 



Difficulty (B) 


1 


3.53 


72.02 


, < 001 


^AB 


1 


.05 


<1 




EWor B 


38 


05 






Coyiditions 10 


3 


19.56 


15X^1 


<.001 




3 


.09 


<1 




Error C 


114 


.13 






BC 


3 


. .42 


13.65 


<.001 


ABC 


3 


02 


<1 




Error-BC 


114 


.03 
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Mean Response Times per Condition arid Difficulty Level for Bdth Groups 



1.75 I- 



1.50 

\ 

1.25 



i j .oo 
1 



E 



.75 



.50 



.25 



NOTE: T'imM ar0 coilapMd acrott diuy l«t 




O-^.-O Difficult, 



7^ 



TV 



V-T 



T-T 



f^^gure 4 

The mean times and standard deviattobs of the two groups for Ixjth difficulty'level 
ahd conditions ^e sho*m in Table 2 and .pAsented graphically in ^re 4. The summary 
for the analysis of variance of the time scorA is t)resented in Table 3. This analysis shows 
a difference, although only marginally significant, between high and low aptitude subjects 
on the amount of time they took' to make the - ^liscriminations. bow aptitud| men took 
more time than highs to perfbrrf the task (/k.lO), There was a significant main effect 
for both difficulty level (p<.001) and con^jtipns (p<.^l). The difficulty level by 
conditions interaction (BC) was also significant u><. 001). 

Since the BC interaction was significant, tests on the sUnple^ffects of difficulty 
level and conditions were performed (Winer, Ui). Tests on^Jhe simple effects for 
conditions showed that, for both the easy antH^ difficult figures, .all- four conditions 
were significantly different from one another (p<.01). The V-V condition always took 
the least time and the T-T condition -the most. Tfe ordet <^jtf conditions in terms of 
increasing time was as folLows: V-V-T-V V-T T-f. T^ls o%tWWW ^^^^""^ of difficulty, 
level showed that thei-e ,was not a significant difference in ffffiem, the V-V condition. 
. However, the difficult figures took significantly more\time for the <^tx three conditions 
(p<.^l). . » 
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m DISCUSSION 

./ . * 

-mo results of this experiment show that the task was relatively easy for both high 
?h"i r Tu ^t ^P"^"-*^" "^^ produced significantly more overall errors 

than the high, rhe majority of errors for both groups occurred in the most difficult (T-T) 

r/!?niT.^^!l'"P^°''f'''°'"^^^^^^ ^^ g" Lobb. 9 and Cashdan 10). which 

repoHe,;! that the Actual modality working alone, on this tySJptek. is infeiro to he 
V sual modal.ty working alone. It does not. however. suppoTtil study by Garvill and 
maSing^ "^^""^ that intramodality matching is superior to intermodality 

s As mentioned earlier, oye of the main differences between ' this and previous 
experiments ,s the fact that in this one the time allowed for. making the match was left 
to the discretion of the subject. THis was done in order not to impAr the operation of 
tht' tactile modality, which proceeds successively and more slowly than vision. 

The results of the time scores do indeed show that tactile form perception proceeds 
much more^slowly than visual perception. The V-V condition consistently took the least 
time and the F-T condition always tooJ; the .m6st time. The.orefcically. the intermodal 
condition n-V. V-T) should fall' between these two Extremes and bl approximatejy equal 
in terms of jtime because both include a visual and a. tactual domponent. However in the 

;ZT^r"'?l '''rff°^' '^y^.l"'^ '^^^ ^^^y^ took significantly le'ss time 

than V-T. Tlii^feRHH^oule! be explained by the fact that in the T-V condition the 
tactual modalK|;^j«anai/{ed pnly one figure, tftj. standard. wWJe the four comparison 
figures were e.xaniined. visually. Thus., in th^»V-T tondition Sour figures had to be 
explored tactually, which iJrobably resulted in the'greater totkl time for this cohdit«h 

J n summary, this experiment, showed that high aptitude men. as a group are 
somewhaUaum. accurate overall than low aptitude men in making both intermodal and 
intram<xlal fort&discriminations. Both groups did equally well on the extremely easy V-V 
condm6nandtl,e ttifference between the two groups was most accehtua>d on the 
cul>-T-^l task. . y 

N^)t only was the high aptitude grbup more accurate but these men also took less 
time t(, make the match. T^e date analysis and .the graphical profiles of the time scores 
showed that there..was no indication of an interaction between aptitude level and the 
.r'A"^ ^;'"a'tions. TWe time scores for both groups increased in the following order- V-V 
I V . V\I. I-l. It seems that on this particular task both groups functioned in the same 
way (thVre-were no interactions Ix'tween group? and conditions), wth the hjgh aptitude 
men taHflng le.ss time' and makirfg fewer errors. • 
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Chapter 4 

J' 

EXPERIMENT II 

METHOD 



Experiment II was a direct extensiqn of Experiment I. The first experinjent 
consisted of a simultaneous discrimination or^ matching task, whereas Experiment II 
involved a delayed matching ta^k. The subject had to learn the shape of a figure wijh one 
modality and then, after a set delay period, compare it with another form in either the 
same or a different modality. i * V 

The purpose of this exp)eriment ws* to detenhine how dfelay would rJCH^ 
tranafiMT of inforraatiqn adross time-specifically, whettier delay, would have a [different 
effect for the two groups of subjects, high vs. low aptitudie. An other 
determine whether delay would.^have a differential effect on 
conlparisons in the intramodal,*^ compared to the cross-mod^ 

Thirty hi^ aptitude and 30 lov ijptiUide men were (U^(fed^lrfB^pe^p|P^ of 10 
and assigned to a 1 -second, f ^^i^ll^^^iil^^ dela^^onditio4|fpiHKe^^ used 

in ExpeBffient I (Figure -2), but only pne' 
three idomparispn Tigures used in Experi- 
eitHer visually or* tactually, anif was 
satisfied] that he cmild identify it again. The 
he wanted a^ the experimenter recorded, the 
he had completed his examination, the standard figure 
jperiod of 1, 5, or 10 seconds, the cpmparisom figure was 
or a different modality. The man then verbally identified the 
me" or '^different," with the experimenter again recording 



were equivalent to the diffi^iul 
comparison figure wi 
menial. Each man 
ins^cted to examine 
m&fi cdUld study th< 
duration of the study 
was lipmoved. After the 
ssenied in either the 
>mpari|dh figure as the 





hc?w long -he took to ^ 

Each subject recej^d four study-match trials under each of the conditions for a 
total of'^l^ trials^' By random selection, seven of the trials consisted of matched forms, 
while niner trials consisted of different pairs/ The conditions were, again, two intramodal 
(V-V) + IT-T) and two intermodal (T-V) +7V-T). The order of presentation for both the 
figures and the conditions was counterbalanced across all of the subjects, in eacfi group. 

After the completion. of the experiment, the men w^e asked for verbal re^or£s on 
ho\i they 'performed|the task. Later, all the mon (withUhe exception of two hi^ and 
three low aptitude men who were unavailable) wer& askedVlso to take the Bender-Gestalt 
test so^that the scored on this might be related to their' p*i;formance on the discrimina- 
tion task. [ 



RESULTS 

The results were analyzed separately for error and time scores. The^stribution of 
total errors for high and low aptitude men as a function of delay and conditions is 
presented in Table 4. These error scores were tested for significance by an analysis of 
variance, a summary of which appears in Table 5. Factor A refers to the two groups. 
Factor B^to the three delay levels, and Factor C (which is a repeated measure) to the four 
conditions. The outcome of this analysis shows significant main effect for the group 
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fartor. iJ^s-co^mitted significantly more total erroi^ than highs, (p<.001). Hie main 
\effect for delay (B).was not significant, nor were any of *he^ interactions with th/^ delay 

factor Evidently, because of the open-e'nded study times/ the delay periods were not long 
, enough to indicate a loss of Information. / 

^ ' ■ r * • 



Table 4 

Total Errors for Both ^oups^; Experiment 11 



• 


CategJ^y r^Mert 


Category IV Men 






Delay (Seconds) 


Total 


Delay (Seconds) 


Total 


Standard 


Comparison 


1 


5 


10 


1 


5 


10 


Visual 


Visual 


8 


'4 


3 


15 


A2 


10 


12 


34 


' Tactual 


Vi^sual 


7 


11 


10 


28 


9 


10 


10 


29 


Visual 


Tactual 


5 






*20 


13 


13 


17 


43 ^ 


Tactual 


Tactual 


10 


11 


10 


|31 


13 


13. 


16 


42 



-Table 5 



Analysis of Variance for ror Scores: 
Experiment II 



Source ^ 


df 


MS 




p 








• 




Between Subjects 










Groups (A) ^ 


] 


12.16' 


17.13 . 


<.001 


Delay (B) 


2 


.21 






' 2 


.53 






Error 


54 


:71 


■ d 




Within Subjects 










Conditions (C) 


3 


1.71 


2.16-- 


<.10 


AC 


3 


1.57 


. 1.99 


NS 


BC 


6 


.41 


<1 ' ' 




AB C ' 


6 


.14 


<1 




. Error 


162^^ 


.79 







The main effect for donditi^jns. (C) was of marginal significance (p<.10). Individual 
comparisons of the pairs of conditions showed only that the T-T condition resiilted in 
sipiificantly more errors than the V-V condition (p<.01). ^1 other differences between 
pairs were not significant. 

The mean study and match times fof the hi^ and low aptitude men 
the four conditions are shown in Table 6: An analysis of variance 
computed for these data, the appropriate model being a four-factor analysi 
measures on the last two factors (the study and match factor, and th 
conditions). ^ 



Pable 7) was' 
'^with repeated^ 
four bi modal 



Table 6 ^ 



Mean Study and Match Times for High and 
Low Aptitude Subjects: Experiment II 



Delay 


Study Tiwn 


9 (Minutes) 


Match'Yime (Minutes) 


VV 


T-V 


V-T 


T-T 


* VV 


T-V 


VT 


TT 


Category 1 
* 1 Sect)rv5 


.36 


.94 


.53 


.92 


.11. 


.22 


.31 


.32 


5 Seconds 


^? 


.86,. 


.53 


.89 


.14 


.27 


.44 


.48 


lOSecoods 




.85 


.39 


.95 


.10 


AS 


.39 


.34 


Category IV 

1 Second • 


.33 


.63 


.41 


.68 


.19 


.21 


.32 


.35 


5 Seconds . 


.24 


.54 


.31 


.53 


.12 


.IB . 


.28 


.29 


10 Seconds 


.23 


.54 


.27 


.52 


.13 


.16 


.34 


.32 



L 




Table 7 




Analysis of Variance of Time Scol^: 
Experiment II 



% Source 


1 


MS 


F 


P 


Q^tween Subjects 










Group f A) 


1 




5.87 


<.05 


Delay (B) * 


2 


.10 


<1 




» AB ' 


2 


^ .14' 


<1 




Error 


54 


•.35 






Within Subjects 




» 






Study-Match (C) 


1 


10.25 . 


106.72 


<001 


AC 


1 


^1.10 


11. 4# 


NS 


BC 


2 ) .09 


<1 




ABC 


2 


.01 


<1 




Error-G 


54 


.10 






Conditions (D) 


3 


2,29 


109.14 


<.001 


ad\ 


3 


.17 


8.29 


<.opi ■ 




6 


.00 






abd\ 


6 


.01 


<1 




' Error-D^ 


162 


1)2 






CD 


3 


1.33 


82.94 


<.001 


ACD . 


3 


.07 


4.63 


<.001 


BCD 


6 


.03 


<1 




• ABCD 


6 


,01 


<1 




Error-CD 


162 


.02, 







c•«,•/°^f°^^ the. analysis of variance shows that the high aptitude men took 

significantly Ipnger to perform the task than the low aptitude men (ploSKA^ there 
^^r'" ^'^'^ °^ |at««ctions with the delaj^S^ wer^ 

Xh'^P ^" this experiment cflfast with the scores in ExperimentTL 

w^ ch the low aptitude men took longer to paorm the task.. This will be discussed 
further in a la;6r section. As might be expected, there wis a sigfiificant main effect'for 
the study and match Factor C and it can be seen in Table 7 that study time was 
s'gnifijPktly greater than match time (p<. 001). _ w««. 

. !, u^'" ^"^^ ^^""^"^ interactions that were significant can, best be 

explained by considering the groups by study-^iatch by conditions (ACD) interaction 

II itunTnnfwT ""^ ""^''^ °f ^^^^^ aptitude men 

as a function^f the conditions are shown in Figure 5. I ' . 

Mean Study-Match Times of Both Groups as a Function of Conditions 



1.00 



80 



i .60 



c .40 



.20 



NOT^: Timei are collapud acrou dalay lavali. 
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■—-♦Match 



V-V 



T-V 



V-T 



T-T 



Condition 
Figure 5 



An analysis of the simple effects for. the triple interaction yielded- the following 
results. Except for the V-V condition, hi^aptitude men took significantly more time to 
study the figures than did low (p<.01).'-There was not a significant difference between 
highs and tows on the time they took to make the match in any of the conditions For 
frr^f "''^."'"^'V'^ ^hat, for both groups, the tactile study conditions 

(IV + TT) took significantly longer than the visual study conditions (V-V and V-T) 
(p<.001). The tactile study conditions weVe not significantly different from each other 
for either group. The V-T study condition took significantly longer than the V-V study 
condition (p<.05). indicating that the anticipation of a tactual match significantly 
increased visual study time. Again, there were no subject differences 



... . ^ ^ , 

the match times followed much the same pattern as the^study times. For both high 
and low aptitude 'men, the tactual match conditions (V-T and ^*-T) took significantly 
longer than 'both the visual match conditipHSfV-V and T-V) (p<,01).;Both groups also 
showed thatT there were no significant sdifferepces between either the two tactual match 
conditions of the two visual match conditions. . / , ^ 

The main distinction between high iind low aptitude- people, in. terms of these data, 
seems .to be that high Aptitude people took significantly more time to study the- standard 
figures in the T-V, V-T, and T-T*conditions. Figure 5 shows alm9st identical graphical 
profiles for both group^. The differences between the^two groups are primarily quan- 
titative, highs taking more study time across all conditions (with the exception of V-V) 

than lows. ■ ^ " 

What is clear from all- the' time data is the relative speed otvision^ as compared to 
touch in information processing. As a result, when an experimenter imposes an arbitrary^ 
time limit, on the parameters of stimulus presentation^ he risks biasing ^is results in favor 
of the visual modality in discrimination tasks of this kind. ^ 

k, DISCUSSION , 

The data from Experimen]t II $how that the hi^ aptitude group committed signifi- 
cantly fewer errors than the^low aptitude group apparently because ihey studied the 
foriAs significantly longer. Since the 'study*matdt seqfUence was self-paced for botii 
groups, it is dear that the high group was doing something more than the low group in 
the stujiy phase. In an attempt to discover what kind of study or processing strategies 
were/ ysed that could account for this, the verbal reports of the subjects were examined, 
'I On the basis of these reports, the processing strategies could be divided into two 
maiA categories-simple* or complex. A simple strategy was operationally defined as one in 
which the subject reported that he tried merely to form a "picture" or 'Image", of the 
standard or study figure. A complex strategy was operationally defined as one in which 
the subject reported that he either (a) counted angles or points, (b) used verbal mediators, 
or' (c) toied to map out the spatial characterist^ of the figure. In a number of cases, a 
man Jould ceport that he used several strategies, which left it to the experimenter, 
throu^ further questioning, to determine in which major category he wo^d fall. For 
exanfple. If a 'man reported that he tried, rrfainly, to form an image but that he counted 
on a*few but gave up, he would be counted as using a simple strategy. It is obvious th^t 
neither of these strategies is all-inclusive nor exclusive of all possible strategies and 
personal idiosyncrasies. However, verbal reports of what a subject can remember doing 
should (if they exist) give an indication of differences in approach. 

• . The numbers of high and low altitude men who reported using either a simple or a 
complex strategy are shown in Table 8. It appears that the majority of the low aptitude 
men used a simple strategy and the majority of the high aptitude men/used a complex 
strategy. A chi square test that was computed to compare the- groups on the strategies 
was significant (p<.01). This indicated that, in this experiment, the reason high aptitude 
men took more study time and -committed fewer errors was that they organized their 
inputs for more ac/urate refrieval/lt seems likely that it would m,e longer to count 
angles or comers aid organize spatial characteristics than merely to try to hold a sensory 
impression of the stflmulus. ^ . * 
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Tables 



Processing Strategies, Experiment Errors, 
Bender-Gestalt Errors, and 



Measures 
(Mean) • 

V ^ " — 


Category 1 Men* 


Category IV Men " 


Sin^ple 


Complex 
(N-22) 


Simple 
(N-19) 


Conf)p(ex 


Experiment Errors 


4.50 


2.80 


^ 5.32> 


4.20 


Sender Errors 


4.60 


3.80 


12.25 ' 


9.70 


Total Times " 




3.77 ' 


2.48 . 


^3.22 



within a certain cateipiy. Although the differences were not great do showO^^f 
^conT "'^"^"^ comparison stimuli would be in the range of from Jo to 60 

the standard form: As a result, when the matches were m^eX UmZT^JS^Si^^^ 
^ned during the study portion was not adequate to transfX accLt^^y^ tourT^ 
^on To mterpret in intermodal form, dTscrimination, the fomTo t^^ri^tS 

•u'L'Si^eTar^es"^' (gT^o:" Tstt t "^^^ ^^^^^ wiU conS'^ 

Similar forms^r^ee^t'Sh^^^ -ni 



of JJ!!!' B«"d«-G«talt test was not used in a clinical capacity. The test was scored only on the basU 
Monograph*. No. 3. Ameria.n Orthopsychiatric_/^<^iatlon, N ' 
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Chapters 

SUMMARY DISfUSSlON 

exatnination of Experiment I and Experiment II shows that, in general, hi^ 
aptitude] men are significantly better, at both a simultaneous and -a dels^ed form discrimi- 
nation task. In Experiment II there^is evidence to indicate that the better i functioning of 
the hij^ aptitude group is due to^ superior learning or information processing strategies. 
Jsing only time as a dependent measure of proficiency, Experiment I showed that a 
^ simple foAn discrimination ia^k that involve^d little information procesang was performed 
- more quickly by the higjh aptitude VoubIIm^ hand, a more complex task ttfat 

j;equired considerable information prootesm|, as in Experi^^ II, was hot performed 
more quickly by high aptitude men. ^i^' / > i 

* High aptitode men performed more'^owy^^^ low aptitude men because they took 
significantljt more time to study the standard^gBgure. It is likely that they used the 
increased shidy time to> develop mediational units .that: enaUM them to make more 
acciirate matdies. As a group, the low aptitude ^iit^^ok significantly less study time 
than the hi^, which seems to indicate that they to use 

appropriate processing strategies that mig^t have increased thej|^accuracy . \ « - / 

The error data from both experiments showed that both groups 6t men were able to 
successfully integrate information from, more than one modality, and, there were no 
uiteractions between the groups and condition^^ctors. It was originally thought that if 
low aptitude people were deficient on a purely^s«ensory-motor level, this would show up 
in their ' ability to^ make intenxfodal disCTixmnattblBA. A previous stbdy on intersensory 
f development in children by Birdi and I^fford (15) reported that the ability to make 
' intersensory judgments improves with age, and tiiat children below seven or eight yead^of . 
age^ are ihudi better at making intramodal %ian intermodal discriminations. Another 
study, reported by ^rch and Belmont (16), showed that farain-daihaged children were 
also better on intranodal than intermodal discriminations. Since there were no «gnificant 
differences -^jtween the high and low aptitude groups on the intermodal vs. intramodal 
tasks, it see!^ that any real deficiencies in form discrimination ability between the two 
groups would exist on a higher order information processing level than the deficiencies 
reported for younger and brain-damaged people. ' 

In the introduction to tfeds report it was mentioned that some earlier studies on 
intermodal discrimination were at variance as to whether th^ is a greater transfer of 
infondatton from touch to^^teion or from vision to toudi. It is pos^ble that the^ 
discrepaQr>finding9 may havdMSeen due to methodological variables. As previously noted, 
tl^ese studies had imposed an arbitrary time limit on both visual and tactual exploration. 
Since more time is required for tactual than for visual exploration, it is possible that 
tactiJid stimuli were never fully encoded, thus resulting in poorer transfer ^om touch t9 
vision. In the present study, in which the exploration time was left to the discretion of 
the subject, the time scores clearly showed that much more time was used for tactual 
exploration than for visual exploration. 

The results of Experiment II suggest that a majority of low aptitude men were not 
using hi^er order information processing skills. The results of the time scores and 
interview data inlliaited that one possible reason low aptitude men produced more errors 
in the delayed task was because they did hot take tlie time to convert their serisory 
impressions into mediational- units that could be used to^make a more accurate matclWrr-r 
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Bruner (17) points out that, in a discrimination task, drildren faU back on global 
impressions if a task becomes too demanding, and that they have difficulty noticing 
detailed differences. Further, he states that with increasing age. delayed response- patterns 
become reorganized in terms of verbal-conceptual activity rather than being based 
primarily on a global-sensory impression. It seems, therefore, that a possible explanation 
for the findings of this study is that many low aptitude men may not have progressed 
beyond this earlier stage of development in cognitive abilities. 

Dainoff (18) has propostd an information processing modtt to describe the processes 
mvolved m visual and auditory encoding. It could be hypothesized that the same kind of 
processes are at work in the type of tasks described in this report., As applied to form 
discnmination tasks, the model would propose that there are two. processes at work 
Fmst. there is a sensory process that allows the organism to obtain a sensory-perceptual 
image or representation of the stimulus. This representation deteriorates quickly and is 
impaired over penods of time as long as one second. However, this representation can be 
used effectively in comparing simultaneous stimuli, as was done in Experiment I The 
second process occurs simultaneously with the first and aUows the organism to pick out 
salient and encodable features of the stimuli so that they can be r^rganized into a more 
permanent memory trace. This reorganization occurs in terms ofverbal-mediational or 
mnemonlc^«^lts. These units can be rehearsed in short-term mfeory and con^uentiy 
are availaMfe for comparison wftb anotiier stimulus. This lat^ process req^^Thigher 
order organizational skills which many low aptitude individuals seem to lack. 

Two points should be clarified regarding the discussion of Category IV men ds a 
group. First, classification by the AFQT does not guarantee that low aptitude or high 
aptitude men are homogeneous groups. In fact, the raw data from individuals showed 
that some Category IV men performed as weU as the best Category I men and some 
Category I subjects performed as poorly as poor Category IV performers. Second, the 
differences that exist between groups seem to.be due to different learning strategies used 
by the majonty of the people within a group rather than the inability of either group to 
integrate information firom more than one modality. Therefore, it would seem possible 
through remedial training, to teach marginal aptitude people the skills required to devAp 
higher-order processing, strategies that would be beneficial in handling different typMof 
perceptual and cognitive tasks/ 

One possible approach could be throu^ a program that would include training and 
practice in the use of mnemonic devices and natural language mediators. Those in sudi a 
program could also be taught how to reorganize stimulus inputs into their most salient 
charac^nstics to make encoding more efficient. These are the types of skiUs thai are 
never formally taught, but .that most people acquire as part of their educational develop, 
■ment.. In the case of many Category IV people, -it may be that thesft-tfldlls were not TuHy " " 
developed during their school years. * 
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